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SIMULTANEOUS CLOUD ALBEDO MEASUREMENTS TAKEN 

AND NIMBUS I1 ORBITING MEDIUM 
RESOLUTION INFRARED RADIOMETER 

WITH AIRBORNE SOL-A-METERS AND AIRBORNE 

B. A. Sparkman 
and 

G. T. Cherrix 

ABSTRACT 

Albedos of cloud, desert, and ocean surfaces were measured 
simultaneously with airborne Sol-A-Meters, two short-wave chan- 
nels of an airborne Medium ResolutionInfrared Radiometer (MRIR), 
and a single short-wave channel of the Nimbus I1 MRIR. Good agree- 
ment was found in coordinated measurements from all of the 
instruments. I 
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SIMULTANEOUS CLOUD ALBEDO MEASUREMENTS TAKEN WITH 

NIMBUS 11 ORBITING MEDIUM RESOLUTION INFRARED RADIOMETER 
AIRBORNE SOL-A-METERS AND AIRBORNE AND 

INTRODUCTION 

Albedos measured by the Nimbus I1 Medium Resolution Infrared Radiometer 
(MRIR), inferred global albedos of -20% when assuming isotropic reflectances. 
These values are much lower than those given by House', London2, and others. 
The generally accepted global albedo is 35-40%. 

To check the albedos measured by the Nimbus MRIR, a comparison to albedos 
obtained by an aircraft-borne MRIR and aircraft-borne Sol-A-Meters was made. 
The airborne MRIR and Sol-A-Meters were flown over the subsatellite track as  
Nimbus I1 passed overhead, thereby making simultaneous measurements of dif- 
ferent target areas. 

INSTRUMENT DESCRIPTIONS 

A. Nimbus 11 MRIR* 

The Nimbus I1 Medium Resolution Infrared Radiometer (MRIR) contains one 
channel, the 0.2 to 4 micron channel, (channel 5) which responds to short wave 
radiation. The Nimbus I1 U s e r ' s  Guide (July 1966), available from the Nimbus 
Project Office of the Goddard Space Flight Center, contains a complete descrip- 
tion of this instrument. The basic MRIR is the same as the airborne MRIR which 
is described below, I 

B. Airborne MRIR 

This instrument is an early Flight model (F-3) of the Nimbus type, 5 channel 
Medium Resolution Infrared Radiometer. Three of the channels (See Fig. 1) re- 
spond to radiationinthe infrared region of the spectrum, (Channel 1, at 6.7 p ,  
2 at lop to l l p ,  and 4 at 5 p  to 30p). Channels 3 (0.55pto 0 . 8 5 ~ )  and 5 ( 0 . 2 ~  to 
4p) respond to short wave radiation. This experiment is concerned only with 
the measurements in the shortwave region. 

"The term "Medium Resolution Infrared Radiometer" (MRIR) is  actually a misnomer, since the 
satel l i te instrument contains a channel which responds in part to visible radiation ( 0 . 2 ~  to 4p) 
and the airborne instrument contains two such channels ( 0 . 5 5 ~  to 0.85p, and 0.2p to 4p).  
However, the term 'MRIR" has been so widely adopted as to compel i ts use here. 
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Fig. 2 shows the MRIR without modifications for mounting on the aircraft. 
Fig. 3 is a diagram of the optical system of each channel. Only the filter (F) is 
different for these two channels. The scan mir ror  (M) is set  a t  45" to, and ro- 
tates about an axis parallel to the axes of the 5 cassagrainian telescopes such 
that each 50 by 50 milliradian field of view scans through a 360° arc  in a plane 
perpendicular to the axis of rotation during i t s  7-1/2 second period. The air- 
borne instrument scans in the vertical plane containing the longitudinal axis 
of the aircraft. The instrument was covered with a thick thermal foam jacket 
without obscuring the optics and scanning area. Heaters maintained the radiom- 
eter a t  25OC. This assembly was shock mounted inside an aerodynamic fairing 
which was fastened to the underside of the aircraft 's tail section. Fig. 4 shows 
the MRIR in the aerodynamic fairing mounted on the Convair 990 jet aircraft. 
A motor operated door was provided in the fairing for protection of the optics 
during take-off and landing. Fig. 5 represents the unobscured field of view of 
the short wave channels of the MRIR. Scanning is fore to aft in the downward 
viewing directions. 

C. Airborne Sol-A-Meters 

This instrument consists of two silicon (photo-voltaic solar cells. One 
mounted on the downward facing surface of the MRIR aerodynamic fairing, (See 
Fig. 4),  and one mounted behind the aircraft vertical stabilizer on an upward 
facing platform. The cells a r e  calibrated to indicate insolation over a full 
2 7 ~  steradian field of view within the spectral range from 0.35 to 1.15 microns. 
Fig. 6 gives the spectral response curve of a silicon solar cell. The ratio of 
the signal from the downward looking cell to that of the upward looking cell is 
used to calculate albedo. 

METHOD OF MEASUREMENT 

Since the airborne MRIR has a narrow view angle and scans from fore to 
aft in the direction of flight, i ts  measurements yield values of bidirectional 
reflectance rather than albedo. In order to find albedo from these measurements 
they must first be converted to the energy reflected over a hemisphere. This is 
done by summing over all nadir angles e ,  0 to 90' and then over all azimuth angles, 
$J, 0 to 360". Fig. 7 shows these angles. 

The effective energy reflected from a surface over a hemisphere, w, 
can be summed numerically by: 
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where H* C O S  c0 is the effective solar irradiance and 5, is the solar zenith angle. 
HA is obtained by integrating the spectral solar irradiance, as given by Johnson3, 
and the effective spectral response functions +A of each channel over all wave- 
lengths. That is: 

-- * 

W 
--* H i  4 , d h .  

= s,, 
The bidirectional reflectance, ~(84) is a function of azimuth and nadir angle, 
and is defined by: 

where E is the effective reflected radiance. 

Albedo, by definition, is the ratio of the amount of radiation reflected by a 
body to the amount incident upon it. Therefore, Albedo, A ,  is given by 

- w A =  
H* cos  C o  

Thus the albedo in terms of bidirectional reflectance is: 

(4) 

To choose the corresponding reflectance measurements from the Nimbus II 
MRIR, Advanced Vidicon Camera System (AVCS) photos of the target area were 
used to select the best location for readout. Figs. 8 through 11 show aircraft 
locations and satellite scan spots (resolution areas of the satellite MRIR) for 
each target area. The target directly below the aircraft position, in most cases, 
did not uniformly fill the field of view of the satellite instrument. Therefore, 
a scan spot was selected near the aircraft position in which the target did f i l l  
the field of view of the satellite-borne MRIR. 
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DATA 

Measurements were made simultaneously with the Nimbus I1 MRIR over the 
Pacific Ocean, Salt Lake Desert, and stratocumulus clouds. Bidirectional re- 
flectance measurements were taken with 0 to 90' nadir angles in the principal 
plane of the sun, (with solar azimuth angles of both 0 and 180'). An azimuth 
angle of 0' is identified with the direction of forward scatter, and 180' is identi- 
fied with the direction of backscatter). (See Fig. 7). 

These values were summed using Eq. (5) to find albedo at 5' nadir angle 
intervals, and 180' azimuth angle intervals. That is, the bidirection reflectances 
measured for 0' azimuth were taken to be constant from 90' through 180' to 
90' azimuth. 

It is possible to make this summation because measurements were made near 
local noon, when the sun is high in the sky and reflectances from cloud and ground 
surfaces are  nearly isotropic. It must be emphasized here that this type of sum- 
mation is only valid for very small solar zenith angles. A s  the solar zenith in- 
creases,  reflectances become increasingly anisotropic with the maximum energy 
scattered in the forward direction. With these larger zenith angles, the sum- 
mation must be properly weighted to account for this anisotropy. 

RESULTS AND CONCLUSIONS 

Results of four simultaneous measurements are shown in Table 1. Albedos 
inferred from the airborne Sol-A-Meters and MRIR are compared to reflectance 
measurements from the Nimbus I1 MRIR. There is very good agreement between 
the three instruments for each target case. In case 1, the higher reflectance 
measured by the Nimbus I1 MRIR can be attributed to the thin c i r rus  clouds above 
the aircraft. 

This preliminary comparison of the aircraft and Nimbus I1 data indicates 
that the Nimbus I1 reflectances a re ,  indeed, correct. 
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Figure 4-MRIR and Sol-A-Meter Mounted in  Aircraf t  Fair ing 
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EARTH-SKY PORTION OF FIELD OF VIEW OF 
ALBEDO CHANNELS OF MRlR MOUNTED 

ON JET AIRCRAFT 

FORWARD MOTION 

' VERTICAL I + 
Figure 5-Earth-Sky Portion of View of Albedo Channelsof MRlR 
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PRINCIPLE PLANE I OF THE SUN 

5, = SOLAR ZENITH ANGLE 
8 = NADIR ANGLE OF REFLECTED ENERGY 
J/ = HORIZONTAL ANGULAR DEPARTURE OF 990's FLIGHT PATH OUT 

OF THE PRINCIPAL PLANE OF THE SUN 
e,, = LOCAL VERTICAL 

Figure 7-Diagram Showing Solar Zenith, Azimuth, and Nadir Angles 
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Figure 8-Clear Pacif ic  Ocean with Scattered Cirrus Clouds Above Aircraft 
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Figure 9-Broken Stratocumulus Clouds Over Pacif ic  Ocean Near Coast of California 
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Figure 0-Salt Lake  Desert, Utah 
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Figure 11-Stratocumulus Clouds Over Esmeraldes, Equador 
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